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We investigate the impact of the configurations mixings that follow from QCD-inspired interquark
forces on our results for the electroexcitation of the ∆(1232) 3
2
+
, N(1440) 1
2
+
, and ∆(1600) 3
2
+
ob-
tained earlier in the light-front relativistic quark model. We have shown that the configurations mix-
ings increase the 3q contribution to the γ∗N → ∆(1232) 3
2
+
magnetic-dipole form factor at Q2 = 0
from 42% to 63% and significantly improve the agreement with experiment for the γ∗p → N(1440) 1
2
+
transverse helicity amplitude at Q2 > 1.5 GeV2. For the γ∗N → ∆(1600) 3
2
+
transition, configura-
tion mixings change strongly the results obtained earlier for the N and ∆(1600) 3
2
+
taken as pure
states in the multiplets [56, 0+] and [56′, 0+].
PACS numbers: 12.39.Ki, 13.40.Gp, 13.40.Hq, 14.20.Gk
I. INTRODUCTION
Recently we have reported light-front relativistic quark
model (LF RQM) predictions for the γ∗N → N form
factors and the γ∗N → ∆(1232)3
2
+
, N(1440)1
2
+
, and
∆(1600)3
2
+
transitions [1, 2]. The predictions were
made assuming that the N and ∆(1232)3
2
+
are pure
states in the multiplet [56, 0+], and the N(1440)1
2
+
and
∆(1600)3
2
+
are members of the multiplet [56′, 0+]. How-
ever, it is known that in the QCD inspired quark models,
where the unknown long-distance properties of QCD are
subsumed into a confining potential, the remaining in-
terquark forces are assumed to be dominated by the one-
gluon exchange [3–6]. These interquark forces result in
configuration mixings. In a space corresponding to the
SU(6) multiplets [56], [70], and [20], the mixings have
been investigated in Refs. [4–6], and it was found that
the N , ∆(1232)3
2
+
, N(1440)1
2
+
, and ∆(1600)3
2
+
are pre-
dominantly mixings of the states [56, 0+], [56′, 0+], and
[70, 0+]:
|X, 3q >= aX [56, 0
+] + bX [56
′, 0+] + cX [70, 0
+], (1)
|Xr, 3q >= aXr [56
′, 0+] + bXr [56, 0
+] + cXr [70, 0
+], (2)
where X and Xr denote, respectively, the N , ∆(1232)
3
2
+
and the N(1440)1
2
+
, ∆(1600)3
2
+
. With this, c∆ = c∆r =
0, and the coefficients in the expansions of Eqs. (1,2) are
correlated with each other:
bN ≃ −b∆ ≃ −bNr ≃ b∆r < 0, (3)
cN ≃ −cNr ≃ bN < 0. (4)
Absolute values of coefficients in Eqs. (3,4) are ∼ 0.22
in Refs. [4, 5] and ∼ 0.29 in Ref. [6]. The coefficients aX
are respectively: aN ≃ aNr ≃ 0.95, a∆ ≃ a∆r ≃ 0.97 and
aN ≃ aNr ≃ 0.91, a∆ ≃ a∆r ≃ 0.96.
In this note we present our results for the γ∗N →
∆(1232)3
2
+
, N(1440)1
2
+
, and ∆(1600)3
2
+
transitions ob-
tained within LF RQM taking into account the configu-
ration mixings from Eqs. (1-4). The results are presented
in Sections II,III,IV and summarized in Sec. V.
II. THE ∆(1232) 3
2
+
RESONANCE
The role of the states [56′, 0+] and [70, 0+] in the de-
scription of the γ∗N → N and γ∗N → ∆(1232)3
2
+
form
factors has been considered and presented in very de-
tail in Ref. [7]. It was shown that with the relations of
Eqs. (3,4), the summary contribution of higher excita-
tion states to nucleon form factors leads to results that
are equivalent to the results for the pure [56, 0+] state at
a different value of the parameter α in the radial part of
the wave functions:
Φ ∼ exp(−M20 /6α
2), (5)
where M0 is the invariant mass of three quarks. More
specifically, calculations show that the results for the nu-
cleon form factors obtained in Ref. [1] for the nucleon as
pure [56, 0+] state with α = 0.37 GeV are reproduced for
the nucleon from Eq. (1) with α = 0.33 and 0.32 GeV
for the configuration mixings from Refs. [4, 5] and [6],
respectively.
The states from [56′, 0+] do not contribute to the
γ∗N → ∆(1232)3
2
+
transition because bN ≃ −b∆ (see
Eq. (3)), and the state 1
2
+
from [70, 0+] gives neg-
ligible contribution to this transition. Therefore, for
γ∗N → ∆(1232)3
2
+
the difference in the LF RQM pre-
dictions, caused by the admixtures of higher excitation
states in the N and ∆(1232)3
2
+
, is determined only by
the replacement α = 0.37 → 0.32 (or 0.33) GeV.
The predictions for the γ∗N → N form factors and
the γ∗N → ∆(1232)3
2
+
and γ∗N → N(1440)1
2
+
transi-
tions were made in Refs. [1, 2] under the assumption
that in addition to the three-quark (3q) contribution,
2these transitions contain contributions, which are pro-
duced by meson-baryon interaction. The nucleon elec-
tromagnetic form factors were described by combining
3q and pion-nucleon loops contributions. With the pion-
nucleon loops evaluated according to the LF approach of
Ref. [8], the following form of the nucleon wave function
has been found:
|N >= 0.95|3q > +0.313|piN > . (6)
For the ∆(1232)3
2
+
and N(1440)1
2
+
, the weights of the
|3q > component in the expansion
|X >= c3q(X)|3q > +... (7)
were found from experimental data on the γ∗N →
∆(1232)3
2
+
and γ∗N → N(1440)1
2
+
transitions assum-
ing that at Q2 > 4 GeV2 these transitions are determined
only by the first term in Eq. (7).
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FIG. 1: The form factor GM,Ash(Q
2) for the
γ∗p → ∆(1232) 3
2
+
transition relative to 3GD:
GD(Q
2) = 1/(1 + Q
2
0.71GeV 2
). The full boxes are the
CLAS data extracted in the analysis of Ref. [10]. The
results from other experiments are: open boxes [15], open
triangles [17–19], open cross [20–22], open rhombuses [23],
and open circle [24, 25]. The thin solid curve presents the
LF RQM predictions from Ref. [2] obtained for the N and
∆(1232) 3
2
+
taken as pure states in the multiplet [56, 0+].
The thick solid curve corresponds to the LF RQM results
when the admixtures of higher excitation states in the N
and ∆(1232) 3
2
+
are taken into account with the weights from
Refs. [4–6].
The predictions for the magnetic-dipole
γ∗p → ∆(1232)3
2
+
form factor in the Ash conven-
tion [9] are presented in Fig. 1. In the case, when the N
and ∆(1232)3
2
+
are pure [56, 0+] states, the predictions
are given by the thin solid curve; they coincide with the
results of Ref. [2].
The thick solid curve corresponds to the results when
the admixtures of higher excitation states in the N and
∆(1232)3
2
+
are taken into account. These admixtures
increase the 3q contribution to the γ∗N → ∆(1232)3
2
+
magnetic-dipole form factor at Q2 = 0 from 42% to 63%.
The weight of the |3q > component in the ∆(1232)3
2
+
is,
respectively, c3q(∆) = 0.84 ± 0.04 and c3q(∆) = 0.91 ±
0.04 for the admixtures of higher excitation states from
Refs. [4, 5] and [6].
We note, that both predictions for the 3q contribu-
tion to the γ∗N → ∆(1232)3
2
+
magnetic-dipole form fac-
tor are within limits obtained in the dynamical reaction
model [26, 27], where the bare contribution, that can
be associated with the 3q contribution, gives at Q2 = 0
about 40− 70% of the total magnetic-dipole form factor.
For the ratios REM and RSM , the admixtures of higher
excitation states in the N and ∆(1232)3
2
+
, do not affect
the results obtained in Ref. [2].
III. THE N(1440) 1
2
+
RESONANCE
Similar to the electroexcitation of the ∆(1232)3
2
+
, the
second terms in the expansions of Eqs. (1,2) do not con-
tribute to the γ∗N → N(1440)1
2
+
transition because
bN ≃ −bNr . In addition, the states from [70, 0
+] give
negligible contribution to this transition. Therefore, for
γ∗N → N(1440)1
2
+
too, the difference in the LF RQM
predictions, caused by the configuration mixings, is de-
termined only by the replacement α = 0.37 → 0.32 (or
0.33) GeV.
The predictions for the γ∗N → N(1440)1
2
+
helic-
ity amplitudes are presented in Fig. 2. In the case,
when the N and N(1440)1
2
+
are pure states in [56, 0+]
and [56′, 0+], the predictions are given by the thin solid
curves; they coincide with the results of Ref. [1].
The thick solid curves correspond to the results when
configuration mixings in the N and N(1440)1
2
+
are taken
into account. These mixings clearly improve the agree-
ment with experiment for the transverse A1/2 ampli-
tude above 1.5 GeV2, while the behavior of this ampli-
tude below 0.6 GeV2 remains unchanged. The weight of
the |3q > component in the N(1440)1
2
+
is, respectively,
c3q(Nr) = 0.91 ± 0.05 and c3q(Nr) = 0.95 ± 0.05. with
the configuration mixings from Refs. [4, 5] and [6].
In Fig. 2, we also present the predictions obtained
within DSE’s in QCD [13, 14], which allow most direct
connection between quark-quark interaction of QCD and
hadron observables. We note remarkable agreement be-
tween Q2 dependences of the transverse amplitude A1/2
obtained within DSE’s and in the LF RQM with config-
uration mixings taken into account.
3IV. THE ∆(1600) 3
2
+
RESONANCE
In contrast with the ∆(1232)3
2
+
and N(1440)1
2
+
, con-
figuration mixings have a very strong impact on the re-
sults for the ∆(1600)3
2
+
. The reasons are following:
(1) The contribution to γ∗N → ∆(1600)3
2
+
cor-
responding to the unmixed |N, 3q >= [56, 0+] and
|∆r, 3q >= [56
′, 0+] is suppressed compared to the contri-
butions from the transitions between |N, 3q >= [56, 0+]
and |∆r, 3q >= [56, 0
+], and |N, 3q >= [56′, 0+] and
|∆r, 3q >= [56
′, 0+]. For example, for the helicity ampli-
tudes in the units of 10−3GeV−1/2 at Q2 = 0 we have:
A1/2 = −49.7(1 + 3.9a∆r bN + 4.3aN b∆r ), (8)
A3/2 = −54.6(1 + 5.9a∆r bN + 6.4aN b∆r ), (9)
S1/2 = −16.8(1 + 4.8a∆r bN + 5.5aN b∆r ). (10)
In addition, in contrast with the N(1440)1
2
+
, for the
∆(1600)3
2
+
we have bN ≃ b∆r (see Eq. (3)).
From Eqs. (8-10), it follows that at Q2 = 0 the γ∗N →
∆(1600)3
2
+
helicity amplitudes change their sign. With
increasing Q2, the relative values of the contributions
caused by the configuration mixings become smaller, and
the γ∗N → ∆(1600)3
2
+
amplitudes don’t change sign.
(2) For the reasons given in point (1), the addi-
tional sign in the helicity amplitudes related to the
piN∆(1600)3
2
+
vertex is changing. Let us remind, that
this sign has been found in Refs. [2, 30] in the approach
based on partial conservation of axial current (PCAC)
and is determined by the expression:
INA ≡
∫
(mq +M0xa)
2 − q2a⊥
(mq +M0xa)2 + q2a⊥
ΦN (M
2
0 )ΦA(M
2
0 )dΓ,
(11)
where A denotes the states N , ∆(1232)3
2
+
, N(1440)1
2
+
,
and ∆(1600)3
2
+
. In Eq. (11), mq is the constituent quark
mass, xa is the fraction of the initial nucleon momen-
tum carried by the active quark, qa⊥ is the transverse
momentum of this quark, and dΓ is the phase space vol-
ume of the quarks. These quantities are defined in more
detail in Refs. [2, 30]. For the reasons mentioned in
point (1), the expression in Eq. (11) changes its sign
for the ∆(1600)3
2
+
, while for the N , ∆(1232)3
2
+
, and
N(1440)1
2
+
its sign remains unchanged. Therefore, fi-
nally at Q2 = 0 the γ∗N → ∆(1600)3
2
+
helicity ampli-
tudes change their sign twice and remain negative. At
large Q2, these amplitudes change their sign once. The
Q2 evolution of the predictions for the helicity amplitudes
is given in Fig. 3.
V. SUMMARY
We have shown that the configurations mixings which
follow from QCD-inspired interquark forces with the
weights found in Refs. [4–6] have significant impact
on the LF RQM predictions for the electroexcitation of
the ∆(1232)3
2
+
and N(1440)1
2
+
, and result in qualita-
tive changes of the helicity amplitudes predicted for the
γ∗N → ∆(1600)3
2
+
transition.
For the ∆(1232)3
2
+
, the admixtures of higher exci-
tation states in the N and ∆(1232)3
2
+
increase the 3q
contribution to the γ∗N → ∆(1232)3
2
+
magnetic-dipole
form factor, in particular at Q2 = 0, the 3q contribution
to this form factor grows from 42% to 63%. The predic-
tions for the ratios REM and RSM remain unchanged.
For the N(1440)1
2
+
, incorporating the configuration
mixings in the N and N(1440)1
2
+
leads to better agree-
ment with experiment for the transverse helicity ampli-
tude above 1.5 GeV2. The predictions for this ampli-
tude below 0.6 GeV2, including zero-crossing at Q2 ≃
0.1 GeV2, remain unchanged.
For the ∆(1600)3
2
+
, the specific behavior of the trans-
verse helicity amplitudes with zero-crossing near Q2 =
0.2 GeV2, obtained earlier for the pure N and ∆(1600)3
2
+
from the multiplets [56, 0+] and [56′, 0+], disappears
when configuration mixings in these states are taken
into account. The configuration mixings result also
in the change of the additional sign related to the
piN∆(1600)3
2
+
vertex. As a result, both transverse am-
plitudes become negative at all Q2 with absolute values
that slowly decrease with increasing Q2.
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